The mechanism of EGF signaling in the regulation of prostate cancer (PCa) metastasis remains unclear. Results: EGF promotes epithelial-mesenchymal transition (EMT) and induces degradation of epithelial protein lost in neoplasm (EPLIN), a putative suppressor of PCa metastasis. Conclusion: EGF activates ERK1/2-dependent phosphorylation, ubiquitination, and protein turnover of EPLIN. Significance: This study suggested that blockade of EGF signaling could retard EMT and inhibit invasiveness of PCa cells.
Aberrant overexpression of EGF receptors (EGFRs) has been associated with hormone-refractory and metastatic prostate cancer (PCa) 2 (1-6). Activation of EGFR signaling cascade could promote the proliferation, survival, and invasion of PCa cells (7) . As the predominant ligand to EGFR/ErbB1, EGF has been shown to induce epithelial-mesenchymal transition (EMT), a crucial mechanism for the acquisition of metastatic capabilities. Several mechanisms, such as mitogen-activated protein/extracellular signal-regulated kinase kinase (MEK)-dependent up-regulation of TWIST (8) , Snail, or Slug (9) may mediate the effects of EGF on EMT and acquired invasiveness.
Epithelial protein lost in neoplasm (EPLIN) is an actin-binding protein that functions as a key molecule linking the cadherin-catenin complex to the actin cytoskeleton (10, 11) . Two EPLIN isoforms, the 600-residue EPLIN-␣ and 759-residue EPLIN-␤, are expressed in epithelial and endothelial cells in a context-dependent manner (11) (12) (13) 15) . EPLIN was initially thought to be a potential tumor suppressor that is preferentially expressed in human epithelia but frequently lost in cancerous cells (11, 16) . Recently, we reported a novel role of EPLIN in the regulation of EMT and invasiveness (17) . EPLIN depletion in epithelial-like PCa cells promoted the disassembly of adherens junction, structurally distinct actin remodeling, and activation of ␤-catenin signaling. We further identified a subset of putative EPLIN target genes associated with EMT, invasion, and metastasis. Significantly, EPLIN down-regulation was associated with clinical lymph node metastases of human solid tumors, including PCa, breast cancer, colorectal cancer, and squamous cell carcinoma of the head and neck (SCCHN). These data were further supported by recent reports that EPLIN may be a negative regulator of tumor aggressiveness in PCa, breast cancer, and esophageal cancer (18 -20) .
Using experimental models of PCa progression, we observed that EGF could induce EMT and promote invasiveness in epithelial-like PCa cells. Intriguingly, the morphological and behavioral changes were associated with a significant decrease in EPLIN expression at protein level. We further elucidated that EGF could activate the phosphorylation, polyubiquitination, and degradation of EPLIN via an extracellular signal-regulated kinase 1/2 (ERK1/2)-dependent signaling cascade. Mutation of certain serine residues of EPLIN rendered resistance to EGFinduced protein degradation. These studies revealed a novel mechanism of EPLIN regulation that could contribute to PCa metastasis.
EXPERIMENTAL PROCEDURES
Cell Culture-Human PCa cell lines ARCaP E , ARCaP M , PC3, and C4-2 were routinely maintained in T-medium (Invitrogen) with 5% fetal bovine serum (FBS). Human SCCHN cell lines 686LN, M4e, 37A, and 37B (21) were maintained in Dulbecco's modified Eagle's medium (DMEM)/F12 supplemented with 10% fetal bovine serum. Where specified, cells were starved overnight with serum-free RPMI 1640 and treated with recombinant human EGF (R&D Systems, Minneapolis, MN). For blocking ERK1/2 signaling, U0126 (1 M; Calbiochem, San Diego, CA) or PD98059 (10 M; Calbiochem) were preincubated with PCa cells for 1 h prior to EGF treatment. Proteasome inhibitors PS341 (1 M; LC Laboratories, Woburn, MA) or MG132 (10 M; LC Laboratories) were preincubated with PCa cells for 2 h prior to EGF treatment for the analysis of protein ubiquitination.
Western Blot Analysis-Total cell lysates were prepared using radioimmune precipitation assay buffer (Santa Cruz Biotechnology). Nuclear proteins were extracted using a Novagen kit (EMD Biosciences, San Diego, CA). Immunoblotting analysis followed standard procedure (22) . Information for the antibodies used in this study is described in Table 1 .
Immunofluorescence and Confocal Imaging-Immunofluorescence was performed as described previously (17) . Mouse anti-EPLIN antibody, rabbit anti-E-cadherin antibody, or rabbit anti-␤-catenin antibody were used (Table 1) . Actin filaments were stained by phalloindin (Invitrogen) at a dilution of 1:500. Cells were imaged on a Zeiss LSM 510 META. In all cases, either a 63ϫ or 100ϫ Zeiss Plan-Apo oil objective was used (numerical aperture of 1.3 and 1.4, respectively). All images had contrast expansion performed in Adobe Photoshop.
Immunoprecipitation-The Immunoprecipitation Starter Pack (GE Healthcare) was used according to the manufacturer's instructions. Total lysates (1 mg) were immunoprecipitated with 5 g of rabbit anti-EPLIN antibody, rabbit anti-green fluorescence protein (GFP) antibody, or normal rabbit IgG (R&D Systems, AB-105-C) ( Table 1) . Protein A/G-Sepharose 4 Fast Flow beads were added to precipitate proteins and then washed and eluted. The samples were further processed for Western blot analysis.
Plasmids and Constructs-GFP-tagged expression plasmid for EPLIN-␤ (pCMV-EPLIN-AC-GFP) and control plasmid pCMV-AC-GFP were purchased from Origene (Rockville, MD). Human EPLIN-␤ reporter was obtained from SwitchGear Genomics (Menlo Park, CA). pTK-RL plasmid was purchased from Promega (Madison, WI).
Site-directed Mutagenesis-Single-point mutations at Ser-362 or Ser-604 and a double-point mutation at Ser-362 and Ser-604 were performed using a QuikChange Lightning sitedirected mutagenesis kit (Stratagene) following the manufacturer's instructions. The primer sequences are described in Table 2 .
Transfection and Infection-Transient expression of cDNA plasmids was mediated by transfection with Lipofectamine 2000, and transient expression of siRNA was performed using Oligofectamine reagent (Invitrogen), according to the manufacturer's protocols.
EPLIN Reporter Assay-Subconfluent PCa cells were plated and grown overnight on 12-well plates. 1.25-g human EPLIN-␤ reporter plasmids were transfected with 0.25-g pRL-TK (internal control) as described previously (17) . Cells The specific primer pairs are described in Table 3 . Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA was amplified with a pair of primers described previously (22) and used to normalize RNA inputs.
Determination of Protein Half-life (T1 ⁄ 2 )-ARCaP E or C4-2 cells or PC3 cells transiently transfected (48 h) with individual wild-type and mutated EPLIN-GFP cDNAs, were incubated with cycloheximide (10 g/ml, Calbiochem) to inhibit further protein synthesis. Following incubation for 0, 1, 2, 4, and 6 h, cells were harvested and lysed, and Western blotting was performed as described above. A rabbit anti-EPLIN (Novus Biologicals, Inc) was used for the detection of endogenous EPLIN protein in ARCaP E or C4-2 cells, or an anti-GFP antibody was used to recognize the ectopically expressed EPLIN-GFP proteins in PC3 cells (Table 1) . Desired protein bands from the Western blots were quantitated and normalized by the intensity of corresponding ␤-actin controls using the ImageJ program (National Institutes of Health), and the data were graphed using the SigmaPlot program (Systat Software Inc., San Jose, CA). Protein degradation rate is expressed as half-life (T1 ⁄ 2 ), the time for degradation of 50% of the protein, which was determined by exponential decay fitting algorithm.
In Vitro Invasion Assay-A modified Boyden chamber with individual 8-m polyester membrane inserts of a 24-well plate was coated with Matrigel. 1 ϫ 10 5 cells in 200 l of defined medium were seeded into the upper chamber, and 300 l of serum-free RPMI 1640 medium supplemented with recombinant EGF (50 ng/ml) were added to the lower chamber. Eighteen h later, invasive cells to the lower surface of the membrane were fixed with methanol, stained with 5% Giemsa solution, and counted with a light microscope.
Animal Study-Six-week-old athymic nude mice (BALB/c; National Cancer Institute) were used. Animal protocols were approved by Emory University Institutional Animal Care and Use Committee. 2 ϫ 10 6 ARCaP E cells per 100 l per site were injected subcutaneously using a previously established procedure (23) . After confirmation of tumor growth to a size of ϳ1 mm 3 (2-4 weeks after tumor inoculation), mice were randomly divided and treated with either PBS or recombinant EGF once a week at a dose of 5 mg/kg body weight via the intraperitoneal route. Tumor size was measured with a digital caliper every week. Animals were sacrificed 6 weeks later, and tumor specimens were collected.
Immunohistochemistry Analysis-ARCaP E xenograft tumor tissues were analyzed by immunohistochemistry staining using standard procedures. Briefly, tissues were deparaffinized, rehydrated, and subjected to 5-min pressure-cooking antigen retrieval, 10-min double endogenous enzyme block, and overnight primary antibody incubation, and subjected to prediluted biotinylated pan-specific universal secondary antibody for 10 min. Signals were detected by adding 3,3Ј-diaminobenzidine substrate hydrogen peroxide and counterstained by hematoxylin QS. All immunohistochemistry reagents were obtained from Vector Laboratories (Burlingame, CA). Antibodies against E-cadherin, EPLIN, and phosphorylated EGFR (Tyr-1173) were purchased from Santa Cruz Biotechnology, and ␤-catenin antibody was purchased from BD Transduction Laboratories (Table 1) . Positive expression was defined as Ͼ15% positive staining in cell population.
Statistical Analysis-Significance levels for comparisons of protein expression in tumor tissue specimens were calculated by using the two-sample t test. Treatment effects were evaluated using a two-sided Student's t test. All data represent three or more experiments. Errors are S.E. values of averaged results, and values of p Յ 0.05 were taken as a significant difference between means.
RESULTS
EGF Induces EMT in PCa Cells-ARCaP (androgen refractory cancer of the prostate) cells are a novel human PCa model that resembles the classical descriptions of EMT and closely mimics the clinical pathophysiology of PCa metastasis (24, 25) . Upon exposure to certain soluble factors or host bone microenvironment, low-invasive and epithelial-like ARCaP E cells undergo EMT and acquire invasive properties (26, 27) . Western blot analysis showed that both EGFR and neu (HER2/ ErbB2) were highly expressed and phosphorylated in ARCaP E cells and their highly metastatic, mesenchymal-like counterparts ARCaP M cells (Fig. 1A, left panel) . Treatment with recombinant human EGF at low doses (20 -50 ng/ml) induced rapid phosphorylation of EGFR and neu in ARCaP E cells (Fig. 1A,  right panel) , suggesting an active EGFR signaling. Significantly, EGF promoted EMT within 72 h (Fig. 1B) . The appearance of mesenchymal morphology upon EGF treatment was associated with decreased E-cadherin and increased nuclear ␤-catenin (Fig. 1, C and D) . Confocal microscopy further revealed the disassembly of actin stress fibers with a radial structure to short, disordered actin cores, formation of peripheral and dorsal ruffles, and a lower degree of co-localization of EPLIN and actin filaments (Fig. 1E) . In a modified Boyden chamber assay, invasion of ARCaP E cells through Matrigel was markedly increased (by 5-fold) in the presence of EGF (Fig. 1F) . Consistently, EGF treatment promoted the appearance of a mesenchymal-like morphology in 686LN SCCHN cells (21) (Fig.  1G ). These data indicated that EGF could induce EMT in certain human cancer cells, which may involve active remodeling of the actin cytoskeleton and the disruption of epithelial adhesions. EGF Promotes EPLIN Protein Turnover-Following EGF treatment, a progressive reduction of EPLIN proteins was observed in ARCaP E , C4-2, and PC3 cells, which was accompanied by a decrease in E-cadherin expression ( Fig. 2A, left and middle panels). EGF treatment also resulted in a reduction of EPLIN protein in epithelial-like SCCHN cells ( Fig. 2A, right  panel) . On the contrary, EGF did not significantly affect mRNA expression of either EPLIN isoforms in PCa cells, as demonstrated by RT-PCR, quantitative RT-PCR, and EPLIN-␤ promoter activity assay (Fig. 2B) . These results suggested that EGF could promote EPLIN down-regulation primarily at post-transcriptional levels.
We investigated whether EGF induced EPLIN down-regulation by promoting protein turnover. The half-life (T1 ⁄ 2 ) of EPLIN protein in ARCaP E cells was determined in the presence of cycloheximide, a de novo protein synthesis inhibitor (Fig. 2C) . In the absence of EGF, EPLIN-␣ and -␤ isoforms have a half-life of ϳ25.3 and 27.7 h, respectively. EGF treatment significantly reduced their T1 ⁄ 2 to 14.2 and 6.0 h, respectively. Addition of a proteasome inhibitor MG132 effectively antagonized EGF-induced EPLIN degradation in ARCaP E cells (T1 ⁄ 2 Ͼ 30.0 h for EPLIN-␣, and 21.2 h for EPLIN-␤). These results indicated that EGF may facilitate protein turnover of both EPLIN isoforms through a proteasome-dependent mechanism.
Polyubiquitination serves as a triggering signal leading to protein degradation in the proteasome (28) . To examine the mechanism responsible for EGF-induced EPLIN turnover, ARCaP E cells were firstly treated with a proteasome inhibitor PS341 and analyzed for the ubiquitination of EPLIN using an immunoprecipitation procedure. Fig. 2D showed that EGF induced a time-dependent polyubiquitination of EPLIN in ARCaP E cells, with the peak appearing at 60 min. The data suggested that EGF may promote EPLIN degradation through a ubiquitin proteasome-dependent mechanism. 
EGF Induces Serine Phosphorylation and EPLIN Turnover through ERK1/2 Pathway-Phosphorylation in response to
extracellular signals or stress is a common mechanism "priming" certain proteins for subsequent recruitment of degradation machinery (29, 30) . We investigated whether EGF could induce phosphorylation of EPLIN in ARCaP E cells, which may be a prerequisite for ubiquitination and degradation of EPLIN. Because current antibodies against phosphorylated mouse EPLIN (31) were not suitable for detecting phosphorylation of human EPLIN, an immunoprecipitation protocol was used to precipitate EPLIN and determine its phosphorylation status using a pan-phosphoserine (p-Ser) antibody in an immunoblotting assay. Serine phosphorylation of EPLIN was found to be rapidly increased, with a peak at 15-30 min following EGF stimulation (Fig. 3A) .
Several EGFR downstream pathways were tested for their potential role in mediating EGF-induced EPLIN phosphorylation. Among them, ERK1/2 were found to be significantly activated by EGF treatment (Fig. 3B) . Blockade of the ERK1/2 pathway with specific MEK inhibitors U0126 or PD98059 abrogated EGF-induced EPLIN phosphorylation at serine sites (Fig. 3C) . Importantly, inhibition of ERK1/2 activity effectively antagonized EGF-induced EPLIN turnover. As shown in Fig. 3D , EGF treatment significantly accelerated EPLIN degradation in the presence of cycloheximide (T1 ⁄ 2 ϭ 4.8 h for EPLIN-␣ and 5.2 h for EPLIN-␤, respectively), whereas preincubation with U0126 resulted in longer T1 ⁄ 2 (Ͼ15.0 h) for both EPLIN isoforms. Similarly, EGF reduced the T1 ⁄ 2 of EPLIN proteins in C4-2 cells, an effect that was attenuated by the pretreatment with U0126 (Fig.  3E) . These data suggested a pivotal role of ERK1/2 pathway in mediating EGF regulation of EPLIN phosphorylation and degradation in PCa cells.
Ser-362 and Ser-604 Are Required for EGF-induced Phosphorylation and Degradation of EPLIN-Two web-based programs, PhosphoSitePlus
TM and the Eukaryotic Linear Motif (ELM) server, were used to predict putative phosphorylation sites within EPLIN-␤. Ten serine-containing sequences were identified as potential ERK1/2 substrates, including these spanning amino acids 359 -365 and 601-607. A recent study searching for candidate substrates for ERK1/2 by a proteomic approach found that ERK1/2 phosphorylates mouse EPLIN at several serine residues including Ser-360 and Ser-602 (31) . Their counterpart residues in human EPLIN protein are Ser-362 and Ser-604, respectively. Of particular interest, Ser-362 appears to be a consensus ERK phosphorylation site (Pro-Leu-Ser-Pro) (Fig. 4A,  left panel) (32) . To investigate whether these serine residues are required for EGF-induced phosphorylation of EPLIN, we characterized two single-point mutants (S362A, S604A) and a double-point mutant (S362A/S604A) using GFP-tagged wild-type EPLIN-␤ cDNA as the template (Fig. 4A, right panel) . Wildtype (WT) and mutated EPLIN-GFP cDNAs were transiently expressed in the PC3 cell line for its high transfection efficiency and relatively low endogenous EPLIN expression (17) . Immunoprecipitation with anti-GFP antibody and subsequent blotting with p-Ser antibody were performed on cells treated with EGF. Consistent with our previous observation (Fig. 3A) , EGF treatment significantly induced serine phosphorylation of wildtype EPLIN-GFP within 30 min, whereas point mutations at Ser-362 or Ser-604 inhibited EPLIN phosphorylation by EGF (Fig. 4B, left panel) . The double-point mutation appeared to be more effective in antagonizing EGF-induced EPLIN phosphorylation at serine residues (Fig. 4B, right panel) . Furthermore, immunoblotting with anti-ubiquitin antibody showed that mutations of S362A, S604A, and S362A/S604A attenuated polyuniquitination of EPLIN in response to EGF treatment (Fig.  4C) . The data indicated that these serine residues are required for EGF-mediated EPLIN phosphorylation and ubiquitination.
To examine whether Ser-362 and Ser-604 residues are involved in EGF-induced EPLIN degradation, the stability of wild-type and mutated EPLIN-GFP proteins in the presence of EGF were compared in PC3 cells (Fig. 4D) . Following addition of cycloheximide, expression of wild-type EPLIN-GFP was rapidly reduced with a half-life of ϳ1.6 h. S362A and S604A mutants exhibited longer half-lives of ϳ15.9 and 5.9 h, respectively, and the double mutation at Ser-362 and Ser-604 significantly increased the stability of EPLIN-GFP protein in PC3 cells, with a predicted T1 ⁄ 2 of 29.2 h. These results indicated that the presence of these two serine residues is required for EGFmediated EPLIN turnover in PCa cells.
Mutations at Ser-362 and Ser-604 Inhibit EGF-induced Down-regulation of E-cadherin in PCa Cells
-Using E-cadherin down-regulation as a molecular indicator of EMT, we examined whether a stabilized EPLIN could inhibit EGF-induced EMT process in PCa cells. Consistent with Fig. 2A , EGF induced a decrease in protein expression of both EPLIN and E-cadherin in PCa cells transfected with wild-type EPLIN-GFP. On the contrary, transient expression of mutated EPLIN-GFP (S362A, S604A, and S362A/S604A) effectively blocked EGFinduced E-cadherin down-regulation (Fig. 4E) . These data indicated that these "degradation-resistant" EPLIN proteins could render PCa cells less sensitive to EGF-induced EMT.
EGF Induces in Vivo Down-regulation of EPLIN and E-cadherin in ARCaP E Xenograft Tumors-To investigate the physiological significance of EGF-EPLIN signaling in PCa progression, we determined whether activation of EGFR signaling is associated with EPLIN down-regulation and EMT in an ARCaP E xenograft model. As shown in Fig. 5A , a 6-week treatment with recombinant EGF did not significantly affected ARCaP E tumor growth (1.07 Ϯ 0.49 cm 3 versus 0.80 Ϯ 0.14 cm
DISCUSSION
Our recent studies demonstrated that EPLIN could function as a suppressor of tumor metastasis by negatively regulating EMT in PCa cells (17) . Down-regulation of EPLIN, therefore, could significantly contribute to the progression of epithelial cancer toward metastatic status. Yet, no previous studies have attempted to elucidate the regulatory mechanism of EPLIN in cancer cells. In this study, we provide biochemical evidence supporting a mechanism by which EGF negatively regulates EPLIN expression through ERK1/2-dependent protein turnover. Gene mutation experiments identified two amino acid residues that are required for the phosphorylation, polyubiquitination, and protein degradation of EPLIN. Animal studies further supported a physiological function of EGF in promoting EPLIN down-regulation and in vivo EMT in an experimental model of PCa. Taken together, these results elucidated an important mechanism for EPLIN down-regulation in epithelial cancer cells.
EGF-induced EMT has been demonstrated as a crucial mechanism for the acquisition of invasiveness in a variety of solid tumors, including breast, ovarian, and head and neck cancer (8, 33) . Mechanistically, EGF could activate distinct signaling pathways, including ERK1/2, Akt, Wnt-␤-catenin, and signal transducer and activator of transcription 3, to suppress the expression of epithelial proteins (e.g. E-cadherin) and to increase the expression of mesenchymal proteins (e.g. vimentin). Although activation of EGF-EGFR pathway has been associated with aggressiveness and progression-free interval in PCa patients, it remains largely unknown on the mechanisms by which EGF-EGFR signaling promotes metastasis (1-6, 34 -36) . Earlier studies in DU145 PCa cells found that EGF induced the disruption of epithelial cell adhesion to the extracellular membrane through dephosphorylation and inactivation of the focal adhesion kinase signaling, resulting in enhanced motility and invasion (37) . EGF also caused the disruption of cell-cell adherens junctions by caveolin-1-mediated E-cadherin endocytosis, followed by nuclear translocation of ␤-catenin and activation of T cell-specific factor-dependent transcription (38) . Recently, Gan et al. (39) demonstrated that EGF treatment led to up-regulation of Snail and down-regulation of E-cadherin through an Akt-dependent mechanism, which eventually promoted EMT and enhanced invasiveness in DU145 and PC3 cells. In the present study, we elucidated a novel signaling mechanism by which PCa cells undergo EMT in response to EGF stimulation. We demonstrated that EPLIN, a key component of the cell-cell adhesion complex, is a downstream target of EGF-EGFR signaling in PCa cells. Down-regulation of EPLIN via accelerated protein turnover could result in the disruption of the adherens junctions and active reorganization of the actin cytoskeleton, both characteristics of EMT and indicators of invasive cancer cells. In addition to these structural alterations, EPLIN downregulation may also affect the expression of multiple target genes, as we described previously (17) . We acknowledged that in parallel to EPLIN degradation, other signaling pathways (such as E-cadherin down-regulation and Wnt/␤-catenin activation) could simultaneously be activated by EGF treatment, which together contribute to EGF-induced EMT in PCa cells.
So far, information on the regulation of EPLIN expression is very limited (12) . Although the two EPLIN isoforms appear to exert similar functions in the maintenance of epithelial structures (10, 40) , their varied expression in different cancer types suggested that EPLIN may be delicately regulated in a contextdependent manner (11, 12, 17, 18) . One can envision that extracellular signals may play a major role in the regulation of EPLIN expression. Indeed, mRNA level of EPLIN-␣, but not of EPLIN-␤, could be readily induced in NIH3T3 fibroblasts upon serum stimulation. A transcription complex composed of serum response factor and megakaryoblastic acute leukemia was formed and subsequently bound a region containing a conserved CArG consensus site within EPLIN-␣ promoter (41) . In PCa cells, however, it appeared that EGF did not have a significant effect on mRNA expression of either EPLIN isoforms, which led us to postulate that EGF-induced EPLIN down-regulation may primarily occur at protein level by affecting protein stability. In fact, as a major EGFR downstream signaling pathway, ERK1/2 has been shown to be capable of directly binding and phosphorylating certain serine residues on mouse EPLIN (31) . Intrigued by these observations, we investigated whether phosphorylation of EPLIN could be a prerequisite of EGF-induced protein turnover. In the present study, we identified at least two serine residues (Ser-362 and Ser-604) of human EPLIN protein are involved in the regulation of EPLIN degradation. It is interesting that the double-point mutation of Ser-362 and Ser-604 appears to be more effective in attenuating EGF-induced phosphorylation and polyubiquitination of EPLIN-GFP, suggesting a compensatory and synergistic effect between Ser-362 and Ser-604 residues. Nonetheless, it is potentially possible that other residues/sequences may also be involved in the regulation of EPLIN stability. For example, it has been demonstrated that the presence of one or more PEST motifs, i.e. the primary sequence rich in Pro, Glu, Ser, and Thr flanked by positively charged amino acids, may serve as a signal to direct ubiquitination for proteolytic degradation. Using a web-based algorithm PESTfind (42), we identified a PEST sequence (RASSLSESSPPK) with a PEST score of ϩ5.89 (PEST scores greater than ϩ5 are considered significant) (Fig. 4A, left  panel) . Interestingly, this PEST sequence is adjacent to one of the putative ERK1/2 phosphorylation site Ser-362 and contains five serine residues and one lysine residue that may be phosphorylation and ubiquitination sites. It is also worth of noting that the two putative ERK1/2 phosphorylation sites are present in both EPLIN isoforms, which may explain the observed effect of EGF on EPLIN protein expression regardless of which isoform is more prevalent in various cancer cells (Fig. 2A) .
Interaction between epithelial cancer cells and adjacent tumor-associated "reactive" stroma is essential to the acquisition of invasive phenotypes (43, 44) . Clinical data have indicated that reactive stroma could be a predictor of biochemicalfree recurrence in PCa patients independent of Gleason score and other pathologic variables (45, 46) . A recent microarray study found that EGF transcripts increased significantly in laser-captured reactive prostatic stroma compared with that in matched normal stroma (47) . It is possible that EGF abundantly expressed by reactive prostatic stroma could provide a niche to promote EMT and convert certain PCa cells into a highly invasive form (48) . Supporting this concept, our animal studies showed that short-term administration of recombinant EGF could significantly reduce EPLIN expression in ARCaP E xenograft tumors, which was associated with increased p-EGFR and ␤-catenin at tissue level. Importantly, the expression of E-cadherin in ARCaP E tumors was markedly reduced following EGF treatment, indicating the occurrence of in vivo EMT. It is equally important to note that the in vivo administration of recombinant EGF did not significantly affect tumor growth in athymic nude mice. Consistently, EGF did not exhibit any mitogenic effect in PCa cells (data not shown).
These findings could have important clinical implications. In fact, although EGFR overexpression has been observed in ϳ30% of PCa patients (49) , it remains controversial on the contribution of EGFR signaling to PCa progression. Most of the speculations were based on the failure of a clinical trial with gefitinib (Iressa), a small molecule EGFR inhibitor, in showing significant benefits in PCa patients (1, 50). Our present study highlighted the importance of EGF-EPLIN signaling in EMT, suggesting a primary role of EGFR signaling in the regulation of PCa invasiveness, but not of PCa growth. Therefore, these observations could provide a molecular explanation for the ineffectiveness of gefitinib in suppressing the growth of primary PCa in clinical setting. On the other hand, the blockade of EGFR signaling could be more effective in preventing and retarding PCa progression toward metastasis. Supporting this notion, gefitinib treatment significantly reduced bone metastatic incidence in an experimental model of PCa (14) .
